Introduction
Several studies have shown a graded association between lower socioeconomic position (SEP) across the life course and higher risk of coronary heart disease (CHD) in adulthood. [1] [2] [3] Chronic low-grade inflammation, as indicated by C-reactive protein (CRP), may be part of the pathogenesis of cardiovascular disease, [4] [5] [6] [7] [8] but the extent to which SEP is associated with CRP across the life course has not been extensively studied. There is some evidence to support associations of both childhood and adulthood SEP with adult CRP, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] but it remains unclear when social differences in CRP actually start.
A recent adoptee study using data from the biological and adoptive parents proposed genetic explanations for SEP differences in adult mortality. 20 In theory, SEP differences in CRP level could also be genetically determined and, therefore, inherited at conception. 20 This would occur if the genetic variants that determine higher CRP levels were more common in low than in high SEP groups, for example, because of selective mating (a tendency to select mates that are like ourselves in some respect, such as social class). It is also possible that the observed associations between SEP and CRP reflect influences in childhood, adolescence and adulthood. For example, childhood SEP strongly predicts adult SEP, which is associated with adult risk factors, such as obesity, that increase adult CRP levels. [21] [22] [23] To date, no studies have examined SEP differences in CRP gene polymorphisms that determine higher CRP levels and the few existing studies on the relationship between SEP and CRP in childhood have been limited by rather narrow age ranges. They have also produced very mixed findings, with positive, negative and null associations observed in different studies. [24] [25] [26] In this study, we aim to determine when social inequalities in CRP start by examining the relationship of SEP with variants in the CRP gene and serum levels of CRP in childhood, adolescence and adulthood in a sample of young Finnish women and men. Using genetic data, we test whether the SEP gradient in CRP is inherited from the previous generation and so already determined at conception. Analyses of childhood, adolescence and adulthood data are used to study when social differences in CRP levels emerge somewhere during the life course between conception and adulthood.
Participants
Participants were from the population-based Cardiovascular Risk in Young Finns Study. 27, 28 In order to select participants who were broadly representative of Finnish children and adolescents, in terms of living conditions and socioeconomic and demographic background, Finland was divided into five areas according to the location of the university cities with a medical school (Helsinki, Kuopio, Oulu, Tampere and Turku). In each area, urban and rural boys and girls were randomly selected on the basis of their personal social security number from the Social Insurance Institution's population register, which covers the whole Finnish population. The baseline survey was conducted in six age cohorts of children (aged 3, 6 and 9) and adolescents (aged 12, 15 and 18) in 1980, with a participation rate of 83%, i.e. 3596 of those invited. Participants were re-examined every 3 years between 1980 and 1992 and again in 2001, when they had reached adulthood (aged 24-39). 29 Data on at least one SEP measure (either education or occupational status) and one measure of CRP (either in 1980 or 2001) were available for 3576 participants. We excluded those participants who had high CRP values (i.e. 410 mg/l, n ¼ 46 at baseline, n ¼ 73 at follow-up), indicating acute inflammation and immune activation due to current illness, as this is likely to reflect short term rather than chronic inflammation. 30 The number of participants for whom data on CRP and SEP measures were available for analysis varied between the childhood, adolescence and adulthood analyses (see Tables 2-5 for detailed samples). The most restrictive sample included those participants (n ¼ 1484) with complete data, that is, two SEP measures, CRP levels from childhood or adolescence and adulthood and all covariates. Comparison of the SEP distributions between the initial 3576 participants and this restricted sample showed a maximum of 1% difference in each SEP category. The study was conducted according to the guidelines of the Declaration of Helsinki, and the protocol was approved by local ethics committees. Own/parental consent was obtained for all participants.
Genotyping DNA was extracted from whole blood in 2001 using a commercially available kit (Qiagen Inc., Hilden, Germany). Participants were genotyped for the À286 C4T4A (rs3091244), À717 A4G (rs2794521), þ1059 G4C (rs1800947), þ1444 C4T (rs1130864) and þ1846 G4A (rs1205) single-nucleotide polymorphisms (SNPs) of the CRP gene. These five genetic variants of the CRP gene were chosen because of their confirmed associations with circulating CRP levels in previous studies [31] [32] [33] [34] [35] as well as in this cohort. 36 Genotyping was performed using the ABI Prism 7900HT Sequence Detection System for both polymerase chain reaction (PCR) and allelic discrimination (Applied Biosystems, Foster City, CA, USA). For SNP þ1059, a commercial kit from Applied Biosystems was used (Assay On Demand, C_177490_10 CRP). The other SNPs were genotyped using Assays By Design from Applied Biosystems under standard conditions, with the exception of the tri-allelic tag SNP (À286 C4T4A). This was genotyped as previously described, 33 except for the genotype calling that was done manually from the SOCIAL INEQUALITIES IN C-REACTIVE PROTEIN PCR run component tab. Of the five variants, two are promoter region polymorphisms (À286 C4T4A and À717 A4G), one is exonic (þ1059 G4C) and two are in the 3 0 -untranslated region (þ1444 C4T and þ1846 G4A). The observed genotype distributions of the variants did not deviate from the expected HardyWeinberg distributions.
Measurement of CRP
Serum samples were taken in 1980 (childhood and adolescence) and 2001 (adulthood). Childhood and adolescence samples were stored at À208C and analysed in 2005, and adulthood samples were analysed in 2001. During the storage, the samples were not thawed or refrozen. Serum high-sensitive CRP was analysed using an automated analyser (Olympus AU400, Olympus, USA) and a highly sensitive turbidimetric immunoassay kit (CRP-ULassay, Wako Chemicals, Neuss, Germany). Detection limit was 0.02 mg/l, since in our laboratory we have been able to measure reproducibly CRP concentrations between 0.02 and 0.06 mg/l (the detection limit suggested by the manufacturer of the assay). Interassay coefficients of variation were 3.33% at the mean level of 1.52 mg/l (n ¼ 116) and 2.65% at the mean level of 2.51 mg/l (n ¼ 168), so similar precision of the assay was observed at different CRP levels.
Socioeconomic position
SEP in childhood and adolescence was assessed in 1980 by parental occupational status (manual; lowergrade non-manual and higher-grade non-manual) and in 1983 by parental education [comprehensive school; non-academic secondary education (i.e. high school or vocational school) and academic]. 34 Where SEP differed between parents, data on the parent with the higher occupational status/education were used. The participants' own adult SEP, educational attainment and occupational status were measured in 2001 and categorized as for parental SEP. The categorization of SEP used for the present study was chosen to be consistent with previous work in the same population. 22, 27, 34, 37, 38 In addition, for occupational status and education, we constructed two life course SEP indicators by combining parental and adult own SEP categories: one indicator of trajectories of exposure to SEP, and, a second indicator of cumulative measures to SEP. Due to sample limitations, some categories had to be combined for the analyses of trajectories (i.e. parental lower and higher non-manual groups were collapsed into a non-manual category, and non-academic secondary education and academic education were collapsed, see Table 4 ). For the analyses of parental and adult own SEP combined (Table 5) , we coded manual ¼ 1, lower non-manual ¼ 2 and higher non-manual ¼ 3. Similarly, we coded comprehensive school ¼ 1, non-academic secondary education ¼ 2 and academic ¼ 3. The sum of parental and adult own SEP scores resulted in a scale from 2 (both manual/comprehensive school) to 6 (both higher non-manual/academic education).
Data analysis
Associations between SEP categorical indicators and genetic variants in the CRP gene were examined using the 2 -test. We used regression analysis to study associations between SEP indicators and CRP. The distribution of CRP is skewed and thus the regression models were fitted with the natural logarithm of CRP as the dependent variable. Findings are illustrated with back-transformed geometric means and the standard error (SE) of CRP levels by SEP category. Linear trends in the associations were tested by entering SEP indicators as continuous variables in the models. Data on men and women were combined as there was no strong evidence of sex differences in the associations between SEP and CRP (all P-values for interaction between sex and SEP were 40.15).
All regression models were adjusted by age and sex. Additionally, we explored the associations between SEP and levels of CRP excluding participants with self-reported infectious disease, pregnant or lactating women and women using oral contraceptives.
Sample size varied between childhood, adolescence and adulthood analyses. Since smaller numbers reduce the power to detect SEP differences in CRP levels, we conducted post hoc power analyses to estimate the required sample size to achieve an -level of P ¼ 0.05 assuming that estimates and their SE remain unchanged. Finally, to inform a life course approach, CRP levels in adulthood were analysed in relation to trajectories of exposure to parental and own adult SEP categories as well as cumulative measures of parental and own adult SEP indicators.
Results
CRP concentration increased by age in both sexes (P < 0.0001) and was higher (P < 0.0008) among women (0.29 mg/l in childhood/adolescence and 0.85 mg/l in adulthood) than among men (0.25 mg/l in childhood/adolescence and 0.64 mg/l in adulthood). Table 1 shows the age-and sex-adjusted levels of CRP in childhood by CRP gene polymorphisms. All the CRP gene variants were found to be associated with circulating CRP levels in childhood (all P 4 0.025) supporting the status of these variants as early determinants of circulating CRP levels. However, the distribution of CRP gene polymorphisms by parental SEP indicators (Appendix Table A1 ) showed no SEP differences in any of the CRP gene polymorphisms examined, neither when parental occupation nor parental education was used as the SEP indicator. Table 2 shows the age-and sex-adjusted levels of CRP in childhood, adolescent and adulthood by parental SEP indicators. No SEP gradient in CRP levels was found in childhood or in adolescents. Based on post hoc power analyses, the required number of adolescents needed to observe an effect would be between 1.3 and 1.8 times greater than the current sample. For adult CRP, there was only indication of an inverse gradient in adult CRP by parental occupation (P ¼ 0.064, n ¼ 2151). This would have reached -level P ¼ 0.05 with only 12.2% additional participants. No association was seen between parental education and adult CRP (P ¼ 0.522, n ¼ 1905). Regarding the participants' own SEP, there was strong evidence of an inverse association between education and adult CRP (P ¼ 0.0005, n ¼ 2198), but no strong evidence of an association with occupational status (Table 3) . Table 4 shows age-and sex-adjusted levels of CRP in adulthood by SEP trajectory characterized by exposure to parental and adult own SEP indicators. There was no difference by trajectory of occupational status from childhood to adulthood (P ¼ 0.417), but there was an association between educational trajectory and CRP (P ¼ 0.015). Participants who did not achieve an academic level of education as adults had the highest levels of CRP, while those who did had the lowest levels irrespective of parental education. Table 5 shows age-and sex-adjusted levels of CRP in adulthood by cumulative exposure to parental and adult own SEP indicators. No SEP gradient in CRP levels was found for parental and participant's occupational status combined (P ¼ 0.197), but such a gradient was observed for parental and participant's education combined (P ¼ 0.047). The lowest levels of CRP were seen among participants with own and parental education at the non-academic secondary level or with at least one at the academic level had the lowest levels of CRP. Other combinations were associated with higher CRP levels.
The exclusion of participants with infectious diseases, pregnant or lactating women, and women using oral contraceptives, had little effect on the previously observed associations between SEP and CRP: a gradient in adult CRP was still seen with own education (P < 0.0001, n ¼ 1697); educational trajectory (P ¼ 0.021, n ¼ 1452) and, cumulative exposure of parental and adult own education (P ¼ 0.048, n ¼ 1452).
Discussion
The present study based on the well-defined sample population-based Cardiovascular Risk in Young Finns Study is probably the first to explore the association between SEP and CRP from a life course perspective that extends from pre-natal genetic influences through childhood and adolescence to adulthood. In this cohort, SEP differences in serum CRP concentrations were seen in early adulthood, age 24-39 years, but such differences were not evident in childhood or adolescence. There was no evidence of SEP differences in the five genetic variants studied, suggesting that SEP differences are not predetermined at conception. The association between adult SEP and CRP levels was evident only for participants' own education, and not with occupational status. Educational trajectories from childhood to adulthood as well as the combination of parental and adult own educational levels also showed an association with CRP levels.
Inter-individual variation in CRP plasma levels may be explained by genetic factors, but our findings suggest that such variation is unlikely to explain the SEP gradients in CRP observed in later life. Thus, our results provide no evidence of assortative mating by SEP that could explain social inequalities in CRP. In contrast, cumulative exposure to environmental risk factors is a more plausible explanation to SEP differences that become apparent in adulthood. This is also consistent with prior research on SEP gradients SEP trajectories and cumulative SEP experiences were associated with CRP levels, but the association between SEP and CRP levels became only evident with adult own education. Therefore, both the trajectory and the cumulative effect of SEP would be mostly explained by exposure to adult SEP, an interpretation that is consistent with the missing cross-sectional associations between SEP and CRP in childhood and adolescence. In addition, we found that the association between SEP and CRP levels was only evident for participants' education, and not with participants' occupational status. This may be because of the age range (24-39 years) of our sample. Adults in this age range have a relatively short exposure to work life. Our findings indicating stronger effects of adult vs childhood SEP and of education vs occupation on adulthood levels of CRP are in agreement with one recent study evaluating SEP in childhood (age 10 years) and adulthood (age 45 and more years). 40 We did not find statistically significant SEP differences in serum CRP levels in childhood or adolescence. Similarly, differences in childhood CRP levels by parental social class were not observed in a sample of 10-to 11-year-old British children. 24 However, among a rural sample of 2-to 15-year olds in Bolivia, low household economic resources were associated with greater CRP levels. 26 In contrast, a sample of British children aged 12-13 years attending high-SEP school had greater CRP levels than children attending a low-SEP school. 25 This unexpected direct gradient disappeared when high (410 mg/l) CRP levels were excluded. The Bolivian study did not report results using this cut off, so positive findings that were due to the inclusion of high values cannot be ruled out. 26 We excluded participants with CRP levels exceeding 10 mg/l because such high CRP levels have been defined as suggestive of acute inflammation and immune activation due to current illness, and are thus likely to reflect short-term responses. As expected, in our data, the inclusion of participants with these high-CRP values strengthened slightly the magnitude of the association between SEP and CRP levels, 27 although overall results were unaffected. The mechanism through which SEP and CRP are *Post hoc power analyses to estimate the required sample size to achieve an a-level P ¼ 0.05 assuming that estimates and their standard error (SE) remain unchanged. 
Methodological issues
Relatively small samples may have influenced the power of our study to detect SEP differences. Post hoc power analyses suggested that a small increase in sample size might have provided evidence of an effect of parental SEP on adult CRP. Regarding the skewness of the CRP data, most parametric statistical procedures are not substantially affected if the assumption of data being normally distributed is not exactly satisfied. Further, the central limit theorem ensures that sample means would be normally distributed for large enough samples, regardless of the degree of skewness in the data. Sample sizes as small as 75-100 per group are usually sufficient to produce valid results, even from highly skewed distributions. 41 Although log transformation of the CRP data did not totally normalize the distribution, limiting the analyses of CRP data to values under 10 mg/l reduces problems related to non-normality.
Measurement error also has the potential to affect our findings. Childhood CRP was analysed from serum samples stored for 25 years since 1980 at À208C, as commercial high-sensitive CRP methods have been available for less than a decade. 42 Protein levels may be reduced during long-term storage as a result of proteolysis and aggregation. Thus, a possibility exists that the levels of childhood CRP values analysed from stored samples may have been inaccurate and erroneously low. However, that would have mostly mattered if the level of deterioration of the samples differed by SEP. Additionally, although the long-term stability of high-sensitive CRP is unknown, [43] [44] [45] a preliminary study of the stability of CRP frozen at À208C indicated that it remained remarkably stable over a 5-year storage period. 46 Selection bias might be present, given that 36% of the baseline participants were lost to follow-up. However, because participants included in the analyses were largely similar to those lost to follow-up, generalizability should not be substantially affected. Since no interaction between SEP and sex was observed our findings probably apply equally to both We coded manual ¼ 1, lower non-manual ¼ 2 and higher nonmanual ¼ 3. Similarly, we coded comprehensive school ¼ 1, non-academic secondary education ¼ 2 and academic ¼ 3. The sum of parental and adult own SEP scores resulted in a scale from 2 (both manual/comprehensive school) to 6 (both higher non-manual/academic education).
SOCIAL INEQUALITIES IN C-REACTIVE PROTEIN women and men. As the study was conducted among a sample of white participants, which represented the Finnish population in 1980, our results may not be generalizable to other groups. Nevertheless, our findings are in agreement with recent research examining a large sample of African-American and white US adults 40 and thus generalizability could be higher than initially assumed.
Our findings on the distribution of the genetic polymorphisms by SEP in Finnish data may have limited generalizability to other populations. However, the selected CRP gene polymorphisms for this study are common genetic variants of CRP covering the CRP gene and have known functional effects (e.g. increasing or decreasing) over concentrations of plasma CRP or cardiovascular disease risk across the life course. [31] [32] [33] Several studies have shown that variants in the CRP gene indeed are involved in the regulation of circulating levels of CRP both in childhood and adulthood, 8, 34, 36, 47 and in non-Finnish populations (i.e. British). 47 Nevertheless, the identification of human genes is not yet completed (see International HapMap Project at http://www. hapmap.org/index.html.en) and we cannot exclude the possibility that other CRP polymorphisms differ by SEP.
In summary, evidence from a prospective population-based study suggests that SEP differences in CRP seen in adult life appear not to be determined at conception or to be the outcome of a trajectory starting early in life and tracking to adulthood. Rather, SEP gradients in CRP levels seem to become apparent only in adulthood, in our sample around the age of 24-39 years. 
